Abstract Favourable clinical results in rheumatoid arthritis
Introduction
Biological disease-modifying antirheumatic drugs (DMARDs) are standard treatment for rheumatoid arthritis (RA). Several clinical trials have demonstrated that biological agents significantly reduce disease activity and that suppression of synovitis significantly reduces subsequent joint destruction. However, favourable clinical results are often difficult to achieve in patients with high disease activity (HDA), even in this 'bioera' of drug discovery. Previous reports have demonstrated that lower disease activity at baseline is a predictor of clinical efficacy when using anti-tumour necrosis factor (TNF) agents and tocilizumab, which is a humanized monoclonal antibody against the interleukin-6 receptor. Hydrich et al. reported that a lower Disease Activity Score 28 (DAS28) score at baseline was a significant predictor of clinical remission at 6 months in patients treated with infliximab and etanercept [1] . The TEM-PO etanercept study indicated that patients with lower disease activity at baseline were more likely to achieve remission [2] . Similar results were reported in Japanese RA patients treated with infliximab, etanercept [3, 4] , and tocilizumab. A higher proportion of patients with moderate disease activity achieved LDA and clinical remission at week 24 [5] .
Abatacept is the first member of a new class of biologic agents for RA treatment that inhibits T-cell activation by binding to CD80/86, modulating its interaction with CD28. This strategy is expected to achieve clinical efficacy in patients who are naïve or inadequately respond to other classes of biologics. The efficacy and safety of abatacept has been reported in several clinical trials [6] [7] [8] [9] [10] . The effectiveness of abatacept has also been reported in clinical practice in Denmark and Japan [11, 12] . However, there are no available reports describing the effects of baseline disease activity on the clinical efficacy of abatacept. In this study, we evaluated clinical data of patients treated with abatacept and compared the clinical efficacy of adalimumab, tocilizumab, and abatacept in patients with HDA at baseline.
Materials and methods

Participants
All eligible patients were registered in and followed by the Tsurumai Biologics Communication Registry (TBCR), a RA research consortium that includes Nagoya University Hospital and 12 affiliated institutes [13] . TBCR was initiated in October 2008 to study the long-term efficacy and safety of biologics used to treat RA. Data were retrospectively collected from 2003 to 2008 and prospectively after 2008. Patient characteristics and disease activity data are available for all RA patients treated with commercially available biologics at TBCR institutes in Japan. Registered data are updated once per year and include drug continuation, reasons for switching drugs, and adverse events (e.g. surgery, pregnancy) that may have occurred during treatment. The present study included all patients who were treated with abatacept (ABT, n =214), adalimumab (ADA, n =175), or tocilizumab (TCZ, n =143) for 24 weeks at TBCR-affiliated institutes. All patients met the 1987 American College of Rheumatology classification criteria for RA. Patients received abatacept infusions three times every 2 weeks followed by every 4 weeks, adalimumab infusions every 2 weeks, or tocilizumab infusions every 4 weeks according to drug labels and Japan College of Rheumatology guidelines for treatment. Patient anonymity was maintained during data collection, and the security of personal information was strictly controlled. This study was approved by the Nagoya University Graduate School of Medicine ethics committee.
Data collection
Data were retrospectively collected from clinical records. The following demographic data were recorded at the initiation of treatment (baseline, week 0): disease duration, concomitant treatment (methotrexate (MTX) or prednisolone (PSL)), joint damage (Steinbrocker stage), and daily dysfunction (Steinbrocker class). The following disease parameters were recorded at baseline and after 4, 12, and 24 weeks of treatment: tender joint count (TJC) and swollen joint count (SJC) on 28 joints, general health on a visual analogue scale (GH-VAS), and serum c-reactive protein (CRP) levels. Disease activity was evaluated at each time point using DAS28 with CRP (DAS28-CRP).
Disease activity and EULAR response Disease activity was categorised as follows: DAS28 remission (DAS28-CRP<2.3), low disease activity (LDA; 2.3≤DAS28-CRP<2.7), moderate disease activity (MDA; 2.7≤DAS28-CRP≤4.1), and high disease activity (HAD; DAS28-CRP> 4.1) [14] . Disease activity was evaluated at baseline and 24 weeks after treatment. The European League Against Rheumatism (EULAR) response was evaluated at 24 weeks [15] .
Statistical analysis
Demographic and disease characteristics are reported using descriptive statistics. All results are expressed as mean±stan-dard deviation or percentage. Student's t test was used for two-group comparisons, and the chi-square test was used for categorical variables. The last observation carried forward (LOCF) method was used in each analysis. To determine predictors of LDA, clinical remission, and a moderate EULAR response at 24 weeks, multivariate logistic regression analysis was performed. All statistical tests were two-sided, and significance was defined as p <0.05. All analyses were performed with SPSS version 20.0.0 software (IBM Corp., Armonk, NY, USA).
Results
Demographic data
We compared the clinical parameters of patients with low and moderate disease activity (≤MDA, DAS28-CRP≤4.1) and HDA at baseline. Characteristics of patients treated with abatacept in the ≤MDA and HDA groups are shown in Table 1 . There were no significant differences in age, RA disease duration, gender, stage, and class. There were no differences in the proportion of patients treated concomitantly with MTX and PSL and mean MTX and PSL doses. Mean DAS28-CRP and related components (SJC, TJC, CRP, and GH) were higher in the HDA group, while mean matrix metalloproteinase-3 (MMP-3) values did not differ between groups.
Clinical efficacy and retention in patients treated with abatacept in the ≤ MDA and HDA groups As shown in Fig. 1a , the mean DAS28-CRP score significantly decreased from baseline to 4 weeks at 3.23±0.64 to 2.95± 0.81 in the ≤ MDA group (p <0.01) and 5.35±0.86 to 4.44± 1.14 in the HDA group (p <0.01). Significant differences in DAS28-CRP scores were observed between 4 and 12 weeks (4.16±1.24, p <0.01) and 12 and 24 weeks (3.87±1.33, p <0.01) in the HDA group, while only 4 and 24 weeks (2.74±0.85, p <0.028) in the ≤MDA group. The difference between the ≤MDA and HDA groups remained significant at 24 weeks.
Disease activities as assessed by DAS28-CRP score at baseline and after 24 weeks of abatacept therapy in the ≤MDA and HDA groups are shown in Fig. 1b . The proportion of patients who achieved LDA gradually increased over time after initiation of abatacept treatment in the ≤MDA and HDA groups. The proportion of patients who achieved LDA was significantly higher in the ≤MDA group (48.8 %) compared to the HDA group (20.3 %, p <0.001). The proportion of patients who achieved a moderate or good EULAR response was significantly higher in the HDA group (64.1 %) compared to the ≤MDA group (40.7 %, p <0.001; Fig. 1c ).
Given that multiple confounding factors may contribute to the clinical efficacy of abatacept, multivariate logistic regression was performed to confirm the influence of disease activity at baseline on disease activity at 24 weeks (Table 2 ). Odds ratios (ORs) were adjusted for the following parameters: age, gender, disease duration, class, DAS28-CRP at baseline, prior use of biologics, and concomitant MTX and PSL use. Multivariate analysis confirmed that HDA (DAS28-CRP>4.1) at baseline, class 3 or 4, and prior use of biologics were independent negative factors for achieving LDA or a moderate EULAR response at 24 weeks.
The retention rate of patients treated with abatacept was compared between the ≤MDA and HDA groups and analysed based on reasons for discontinuation. Kaplan-Meier curves for time to discontinuation due to insufficient efficacy (insufficiency) and adverse events (AEs) were generated. Over 24 weeks, 3 of the 86 patients in the ≤MDA group and 16 of the 126 patients in the HDA group withdrew from abatacept treatment due to insufficiency. The retention rate based on insufficiency was significantly higher in the ≤MDA group compared to the HDA group (96.4 vs. 88.4 %, p = 0.023). There were no significant differences in retention rates due to AEs (95.2 vs. 97.5 %, p =0.226).
Clinical efficacy of abatacept, adalimumab, and tocilizumab in patients with HDA at baseline Clinical efficacy of abatacept in patients with HDA was insufficient compared to efficacy in patients with lower activity. Therefore, we compared the clinical efficacy of abatacept with agents in different biologic classes in patients with active RA. RA patients with HDA at baseline were treated with the TNF inhibitor adalimumab (n =120) and the IL-6R inhibitor tocilizumab (n =97). Table 1 shows baseline characteristics of patients with HDA treated with abatacept, adalimumab, and tocilizumab. Post hoc analysis demonstrated that patients treated with abatacept were significantly older (p <0.001, vs. ADA and TCZ). Fewer patients treated with adalimumab had a history of being treated with biologics (p =0.002, vs. ABT; p <0.001, vs. TCZ) and a higher proportion concomitantly used MTX (p <0.001, vs. ABT and TCZ). A lower proportion of patients treated with abatacept concomitantly used oral steroids (p =0.013, vs. TCZ). Disease activity parameters (DAS28, TJC, SJC, CRP, and MMP-3) did not show significant differences, except for increased GH-VAS in patients treated with abatacept (p =0.007, vs. TCZ).
As shown in Fig. 2 , changes in disease activity parameters were similar between patients treated with abatacept and adalimumab throughout the study period. Because clinical The proportion of patients who achieved LDA, clinical remission, a moderate or good EULAR response, and a good EULAR response at 24 weeks was compared following treatment with abatacept, adalimumab, and tocilizumab (Fig. 3) . There was no significant difference in the proportion of patients who achieved LDA at 24 weeks. Although a lower proportion of patients treated with abatacept achieved clinical remission compared to adalimumab, the difference was not significant compared to tocilizumab. A higher proportion of patients treated with tocilizumab achieved a moderate or good EULAR response compared to patients treated with abatacept and adalimumab. There was no significant difference in the proportion of patients who achieved a good EULAR response between the three groups. Multivariate analysis confirmed that none of the three biologics had significant advantages in achieving LDA or clinical remission at 24 weeks (Table 2) . Adalimumab was not an independent factor for achieving LDA, remission, or a moderate EULAR response at 24 weeks. Tocilizumab was an independent factor for achieving a moderate EULAR response at 24 weeks compared to abatacept. Class 1 or 2 and no prior history of biologic use were independent factors for LDA, remission, and a moderate EULAR response. ORs were adjusted for the following parameters: age, gender, disease duration, class, DAS-CRP at baseline, prior biologic use, and concomitant MTX and PSL treatment.
Retention rates in patients with HDA at baseline treated with abatacept, adalimumab, and tocilizumab Retention rates were evaluated based on reasons for discontinuation. Kaplan-Meier curves for time to discontinuation for each agent due to insufficient efficacy and AEs are shown in Fig. 4a, b , respectively. Retention rates due to insufficient efficacy in patients treated with abatacept were significantly higher than in patients treated with adalimumab and lower than in patients treated with tocilizumab. Retention rates due to AEs in patients treated with abatacept were significantly lower than in patients treated with tocilizumab.
Discussion
Baseline disease activity had a significant influence on the clinical efficacy of abatacept. In patients with HDA, the clinical efficacy of abatacept appeared to be insufficient compared with efficacy in patients with a lower disease activity. The clinical efficacy of abatacept in HDA patients was similar to the efficacy of adalimumab and tocilizumab. Some physicians perceive abatacept as being difficult to use in RA patients with HDA due to insufficient efficacy. However, adequate clinical responses were not obtained in any of the patients evaluated, regardless of the class of biologic used. Based on the present data, abatacept can be selected to treat RA patients with low, moderate, and high disease activity.
A recent head-to-head clinical trial (AMPLE trial) demonstrated that subcutaneous abatacept was not inferior to adalimumab [16] . The ADACTA head-to-head trial reported that tocilizumab monotherapy was superior to adalimumab monotherapy in reducing RA activity in patients for whom MTX was ineffective or inappropriate [17] . Although the data suggest equivalent clinical efficacies between different classes of biologics, patients in these trials were generally uniform and are different from real-world patients with diverse characteristics seen in clinical practice. The Danish DANBIO registry reported similar abatacept and tocilizumab efficacies in RA patients in clinical practice [11] . Multicenter registries can provide real-world long-term data relevant to safety, Fig. 3 The value of such registries in accumulating and evaluating relevant data cannot be underestimated.
In this study, differences in the DAS28-CRP score between patients treated with abatacept in the ≤MDA and HDA groups were consistent throughout the study period and remained significant at 24 weeks. The proportion of patients who achieved LDA or remission at 24 weeks was significantly lower in the HDA group. Multivariate regression analysis demonstrated that HDA at baseline was an independent negative predictor for achieving LDA and remission. Abatacept treatment in patients with HDA appeared to yield poor clinical results. However, similar results have been reported in previous studies related to TNF inhibitors and tocilizumab [1] [2] [3] [4] [5] 18] . Thus, inferior clinical efficacy in HDA patients is not abatacept specific, but is likely due to common features of DMARDs. The proportion of patients who achieved a moderate or good EULAR response was higher in the HDA group at 24 weeks. There was a sharp downward trend in the HDA group between 12 and 24 weeks, whereas the trend was gradual in the ≤MDA group after 4 weeks. A longer period is necessary to evaluate whether disease activity in the HDA group can eventually correspond to activity in the ≤MDA group.
Clinical efficacy in patients with HDA was similar between abatacept, adalimumab, and tocilizumab. This is the first study to demonstrate the clinical efficacy of three different classes of biologics in RA patients with HDA in clinical practice from the TBCR. Given that neither adalimumab nor tocilizumab were independent factors for achieving LDA or remission compared with abatacept, we suggest that there are no significant differences between the three biologics regarding clinical efficacy for HDA RA. However, several differences were observed. Tocilizumab treatment resulted in a higher proportion of patients who achieved a moderate EULAR response at 24 weeks and was an independent factor for a moderate EULAR response at 24 weeks compared to abatacept. Cytokine-blocking biologics, specifically tocilizumab, led to normal acute phase reactants (e.g. CRP or ESR) in almost all patients. While this constitutes a positive treatment effect, improvement in CRP might lead to an overestimation of the EULAR response rate based on DAS28-CRP [19] . Abatacept had an average discontinuation rate due to insufficient clinical efficacy. Adalimumab had the highest discontinuation rate due to insufficiency despite a higher proportion of biologic-naïve patients and concomitant MTX use compared to abatacept and tocilizumab, which could be due to relatively low MTX doses in Japan compared to doses used in European countries and the USA. It will be necessary to study patients treated with higher doses of MTX in the future. Tocilizumab had the lowest discontinuation rate due to insufficiency despite having the lowest proportion of biologic-naïve patients and concomitant MTX use. This could be partially explained by a higher rate of achieving a EULAR response, which generally encourages physicians to continue treatment even if clinical efficacy appears to be inadequate. It will be necessary to study whether low discontinuation rates can be maintained for longer periods of time. In contrast, tocilizumab demonstrated the highest discontinuation rate due to adverse events compared to abatacept. Abatacept satisfactorily balances clinical efficacy and safety in RA patients with HDA.
'Biologic-naïve' was an independent factor for achieving LDA or EULAR responses at 24 weeks in patients treated with abatacept. Similar to other classes of biologics, abatacept likely demonstrates optimal efficacy in biologic-naïve patients. Several reports have indicated that adalimumab or tocilizumab demonstrate higher efficacy in biologic-naïve patients compared to patients with a history of prior biologic use [5, [20] [21] [22] [23] [24] [25] [26] . Advanced functional impairment has also been reported as a negative factor regarding clinical efficacy of adalimumab and tocilizumab [1, 18, 27, 28] . 'Better physical function' in all patients treated with abatacept was an independent factor for achieving LDA. In patients with HDA at baseline using abatacept, adalimumab, or tocilizumab, 'biologic-naïve' or 'better physical function' were independent factors for achieving LDA or remission rather than the specific agent used. Thus, baseline characteristics are more critical Fig. 4 Kaplan-Meier curves for time to discontinuation for each biologic. Withdrawal was due to a insufficient clinical efficacy (insufficiency) and b adverse events. Retention rates were compared using the log-rank test among groups. ABT abatacept, ADA adalimumab, TCZ tocilizumab than treatment agents for predicting favourable clinical efficacy in RA patients with HDA.
This study has several limitations. It was observational and not randomised, and treatments were likely influenced by patient characteristics and other factors such as preference of administration routes. Although concomitant MTX use was not an independent factor for achieving LDA, remission, or a moderate EULAR response in all patients treated with abatacept and patients with HDA treated with abatacept, adalimumab, or tocilizumab, the mean MTX dose was relatively low in this study. Future studies with higher MTX doses are necessary to conclude whether MTX has a synergistic effect. In addition, radiographic data were not available. Due to the importance of joint protective effects in demonstrating clinical efficacy, evaluating radiographic changes in patients treated with abatacept will be necessary in the future.
In conclusion, this study demonstrated the clinical efficacy of abatacept, adalimumab, and tocilizumab in clinical practice. The clinical efficacy in RA patients with HDA was similar between the three classes of biologics. We suggest that abatacept can be used to treat patients with low, moderate, and high disease activity in clinical practice.
